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PREFACE 
Secondary r e c o v e r y  (water i n j e c t i o n )  and t e r t i a r y  r e c o v e r y  
( m i s c i b l e s ,  c h e m i c a l s ,  etc.) are more resource-demanding t h a n  
pr imary  r e c o v e r y .  Moreover, t h e  n e c e s s a r y  n a t u r a l  r e s o u r c e s :  
energy,  water, materials ( c h e m i c a l s ) ,  as u s u a l ,  i n t e r a c t  w i t h  
e a c h  o t h e r .  Such a p r o c e s s  i s  w e l l  s u i t e d  f o r  a n a l y s i s  i n  terms 
of WELMM (water, - - energy ,  l a n d ,  materials, - g a n p w e r )  . 
However, t h e r e  i s  s t i l l  much u n c e r t a i n t y  a b o u t  t h e  d a t a  
because  t e r t i a r y  r e c o v e r y  i s  main ly  i n  t h e  development  s t a g e .  
On t h e  way t o  a more comple te  WELMM a n a l y s i s ,  it h a s  t h e n  been 
o n l y  n a t u r a l  t o  e x p l o r e  as a f i r s t  s t e p  t h e  energy  b a l a n c e  o f  
secondary  and t e r t i a r y  r e c o v e r y  for  t h e  o i l  f i e l d s  o f  t h e  Nor th  
Sea .  
T h i s  s t u d y  is a l o g i c a l  c o n t i n u a t i o n  of  t h e  more c o m p l e t e  
s t u d y  on  WELMM r e s o u r c e s  r e q i r e m e n t s  for  t h e  Nor th  Sea and ,  
i n  a n  i n t e r e s t i n g  way, opens  t h e  door  t o  a p r o s p e c t i v e  s t u d y  o f  
f u t u r e  u l t i m a t e  o i l  r e c o v e r y  i n  t h e  Nor th  Sea and i t s  WE- impact .  
Michel  Grenon 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
ABSTRACT 
T h i s  paper  p r e s e n t s  a rev iew of  t h e  r e s o u r c e s  neces sa ry  
t o  deve lop  13  UK o f f s h o r e  o i l  f i e l d s  f o r  purposes  of  o b t a i n i n g  
pr imary recovered  o i l .  An estimate i s  provided o f  t h e  i n -  
c r e a s i n g  energy requ i rement  f o r  a m e t r i c  t o n  o f  North Sea o i l  
due t o  secondary p roduc t i on  methods. Also p r e s e n t e d  i s  an 
estimate o f  t h e  p o s s i b l e  energy  requ i rements  shou ld  t e r t i a r y  
( i .e .  enhanced o i l  r e cove ry )  t e chn iques  b e  under taken i n  t h e  
North Sea. 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
ENERGY REQUIREMENT FOR NORTH SEA OIL BY 
SECONDARY AND TERTIARY PRODUCTION METHODS 
INTRODUCTION 
There is considerable interest today in the energy required 
for the extraction of resources [I]. It has been argued [2,31 
that the energy required for extraction is a measure as good as 
any of the difficulty of assessing a resource. Therefore the 
estimate of energy requirements for extraction as a function of 
future production could serve as an indicator of future cost. 
This paper presents an estimate of the increasing energy 
requirements for a metric ton1 of North Sea oil (averaged over 
13 specific fields) due to secondary production methods. An 
'estimate is also made of the possible energy requirement should 
tertiary methods be embarked upon, though it must be stressed 
that it is not yet known whether tertiary methods will ever be 
used in the North Sea, and this estimate is subject to large 
uncertainties. 
PRIMARY OIL RECOVERY 
Primary oil recovery is the reliance upon natural energy 
forms in the reservoir for the production of crude oil. Such 
natural energy forms include natural water drive, expansion of 
free gas, oil, water, and solution gas; and capillary and 
gravitational forces. 
To bring about the initial primary recovery of oil from the 
North Sea a large portion of resources has been and is being 
'or tonne, in the following simply referred to as ton. 
expended i n  e x p l o r a t i o n ,  p l a t f o r m  and p i p e l i n e  c o n s t r u c t i o n ,  
p r o d u c t i o n  w e l l  d r i l l i n g ,  and t h e  p roduc t i on  p r o c e s s  i t s e l f .  
The development o f  t h i r t e e n  commercial ly deemed o i l  f i e l d s  
i n  t h e  UK s e c t o r  o f  t h e  North Sea r e q u i r e s  d i r e c t l y  o r  i n d i r e c t -  
l y  t h e  f o l l ow i n g  a c t i v i t i e s  f o r  pr imary recovery :  
T o t a l  number o f .  m i l e s  surveyed 
E x p l o r a t i o n  w e l l s  d r i l l e d  
A p p r a i s a l  w e l l s  d r i l l e d  
P r o d u c t i o n  w e l l s  d r i l l e d  
(637 a n t i c i p a t e d  t o  be  
d r i l l e d  t o  complete t h e  
1 3  f i e l d s )  
T o t a l  number of  m i l e s  o f  major 
c r ud e  p i p e l i n e s  c o n s t r u c t e d  
o r  under c o n s t r u c t i o n  
T o t a l  number o f  m i l e s  of  f i e l d  
p i p e l i n e s  ( c r u d e )  c o n s t r u c t e d  
o r  under c o n s t r u c t i o n  
P r o d u c t i o n  p l a t f o r m s  i n s t a l l e d  
P r o d u c t i o n  p l a t f o r m s  under con- 
s t r u c t i o n  o r  b e i n g  con- 
s t r u c t e d  o r  be ing  i n s t a l l e d  




487 m i l e s  (784 km) 
65.3 m i l e s  (105 km) 
11 (steel)  
3  ( c o n c r e t e )  
2  (steel)  
4 ( c o n c r e t e )  
The t o t a l  amount o f  m a t e r i a l  and energy r e s o u r c e s  nece s sa ry  
f o r  t h e  c o n s t r u c t i o n  o f  a l l  f a c i l i t i e s  i n  t h e  o i l  f i e l d  i n  UK 
w a t e r s  i s  12.2 m i l l i o n  m e t r i c  t o n s .  Energy m a t e r i a l s  r e p r e s e n t  
t h e  major  q u a n t i t y ,  7.6 m i l l i o n  t o n s ,  and s t r u c t u r a l  and consum- 
a b l e  m a t e r i a l s  r e p r e s e n t  4.6 m i l l i o n  t o n s  o f  t h e  t o t a l .  
SECONDARY PRODUCTION METHODS 
Because o f  t h e  l a r g e  amount of  r e s o u r c e s  u t i l i z e d  f o r  p r i -  
mary r e c o v e r y  it seems i m p o r t an t  t o  c o n t i n u e  t h e  e v a l u a t i o n  o f  
how l a r g e r  q u a n t i t i e s  o f  o i l  can  be  o b t a i n e d  f o r  t h e  r e s o u r c e s  
expended. 
There  i s  now a  t e rmino logy  problem r e g a r d i n g  which techno-  
l o g i e s  f o r  enhanced o i l  r e cove ry  shou ld  be c l a s s i f i e d  a s  
"secondary" and "tertiary". This arises because the more 
sophisticated methods previously regarded as tertiary may come 
to be used in the earlier stages of field development in order 
to obtain the best overall return. Also some secondary tech- 
niques such as injection of water or gas could be termed 
"enhanced primary" methods if the primary production was due to 
natural water or gas drive. For the present paper we will re- 
gard the injection of sea water as being the main secondary 
method in use in the North Sea. As shown in Table 1 water in- 
jection is being used (or planned to be used) in almost all 
North Sea fields currently under development. As far as can be 
ascertained the re-injection of natural gas is being used pri- 
marily as a means of storing the gas for later use and not as 
an aid to oil production. Consequently energy requirements for 
gas re-injection should not be counted as an input to oil pro- 
duction. 
Table 1. The 13 fields covered by the analysis 
' Field 
Name 
Water Injection Estimated Recoverable 














'million tons of oil equivalent 
TERTIARY PRODUCTION METHODS 
The t e r m  t e r t i a r y  p roduc t i on  encompasses the rmal  methods 
(e.g.  s t e a m - i n j e c t i o n ) ,  carbon d i o x i d e  f l ood ing ,  and chemical  
f l o o d i n g  ( s u r f a c t a n t s  t o  reduce  s u r f a c e  t e n s i o n  and ease t h e  
passage  o f  o i l  through t h e  rock and polymers t o  improve t h e  
e f f i c i e n c y  of  w a t e r  i n j e c t i o n ) .  A l l  t h e s e  methods a r e  s t i l l  i n  
t h e  exper imenta l  s t a g e  f o r  land-based f i e l d s ,  and it i s  n o t  
known whether t h e y  w i l l  be used i n  t h e  North Sea. However it i s  
p o s s i b l e  t o  make some g e n e r a l  o b s e r v a t i o n s  r e g a r d i n g  t e r t i a r y  
recovery  i n  t h e  North Sea,  and t hen  t o  make a t e n t a t i v e  estimate 
of  t h e  p o s s i b l e  energy  requirements .  Thermal methods a r e  un- 
l i k e l y  t o  be used i n  t h e  North Sea f o r  two r ea sons .  F i r s t l y ,  
t h e y  are b e s t  s u i t e d  t o  h ighe r  v i s c o s i t y  c r u d e s ,  and t h e  c rude  
found i n  t h e  North Sea i s  of low v i s c o s i t y .  Secondly,  the rmal  
methods are cons ide red  u n s u i t a b l e  f o r  f i e l d  dep th s  g r e a t e r  t h a n  
-3000 f t  because  o f  t h e  a s s o c i a t e d  c o o l i n g  problems. Thus it 
seems t h a t  carbon d i o x i d e  o r  chemical  f l o o d i n g  a r e  t h e  on ly  can- 
d i d a t e s  f o r  t e r t i a r y  recovery  i n  t h e  North Sea. Of t h o s e  w e  
c o n s i d e r  chemical  f l o o d i n g  t o  be  t h e  more l i k e l y  c h o i c e  as t h i s  
i s  known t o  be s u i t a b l e  f o r  u se  a f t e r  a w a t e r  i n j e c t i o n  program 
and,  as s t a t e d  above, wa te r  i n j e c t i o n  is be ing  used i n  most 
North Sea f i e l d s .  
THE ANALYSIS 
The a n a l y s i s  w a s  c a r r i e d  o u t  u s ing  d a t a  c o l l e c t e d  by J . K .  
K l i t z  a s  p a r t  o f  t h e  IIASA W E L M M ~  a n a l y s i s  program [ 4 ] .  Thi s  
d a t a  ba se  c o n t a i n s  d e t a i l e d  in format ion  on a l l  t h e  f a c i l i t i e s  
be ing  used i n ,  and a s s o c i a t e d  w i t h ,  t h e  1 3  f i e l d s  c u r r e n t l y  i n  
t h e  most advanced s t a g e s  o f  development. A complete WELMM 
a n a l y s i s  h a s  been c a r r i e d  o u t  f o r  t h e s e  f i e l d s  up t o  and i n -  
c l u d i n g  pr imary p roduc t i on ,  and t h i s  y i e l d e d  a f i g u r e  f o r  t h e  
3 ~ a t e r ,  Energy, Land, Manpower, and Materials. 
average  g r o s s  energy requ i rement4  f o r  c r u d e  o i l  (p r imary  re- 
c o v e r y )  o f  0.497 GJ/ton,  which compares w e l l  w i t h  o t h e r  s t u d i e s  
o f  s i n g l e  North Sea f i e l d s  [5,6] . 
Secondary P r o d u c t i o n  
I n  o r d e r  t o  c a l c u l a t e  t h e  i n c r e a s i n g  energy  r e q u i r e m e n t  a s  
p r o d u c t i o n  i s  phased i n ,  it i s  n e c e s s a r y  t o  know what q u a n t i t y  
o f  o i l  c a n  u l t i m a t e l y  be  a t t r i b u t e d  t o  secondary  p r o d u c t i o n  
(above t h a t  which would have been o b t a i n e d  by pr imary  p r o d u c t i o n  
a l o n e ) ,  and t h e n  a l l o c a t e  t h e  a d d i t i o n a l  ene rgy  i n p u t s  accord ing-  
l y  * 
L e t  
T = t o t a l  o i l  i n  p l a c e ,  i n  MTOE; 
R = r e c o v e r a b l e  r e s e r v e s ,  i n  MTOE; 
r = f r a c t i o n  o f  T r e c o v e r a b l e  by p r imary  r e c o v e r y  a l o n e ;  P  
r = f r a c t i o n  o f  T r e c o v e r a b l e  u s i n g  pr imary  and secondary  
S 
methods ; 
A r s  = a d d i t i o n a l  f r a c t i o n  o f  T due t o  secondary  r e c o v e r y  = 
rS - r 
P' 
The v a l u e  f o r  t h e  r e c o v e r a b l e  r e s e r v e s ,  R ,  i s  normal ly  quo ted  
assuming secondary  r e c o v e r y  s o :  
Now l e t  
Ei = i n i t i a l  ene rgy  i n v e s t e d  i n  f i e l d  ( c o n s t r u c t i o n  p l a t -  
forms,  p i p e l i n e s ,  e t c . ) ,  i n  G J ;  
e = ongoing energy  r e q u i r e m e n t  f o r  pr imary  p r o d u c t i o n ,  P  
e = energy  f o r  t r a n s p o r t a t i o n  o f  c r u d e  t o  s h o r e ,  i n  GJ/ton. t 
4 ~ n c l u d e s  a l l  d i r e c t ,  i n d i r e c t ,  and c a p i t a l  energy c o s t s  o f  
l a n d i n g  one  metric t o n  o f  c r u d e  o i l  onshore  and t r a n s f e r r i n g  it 
t o  a  r e f i n i n g  f a c i l i t y .  
S i n c e  t h e  i n i t i a l  inves tment  Ei i s  made i n  equipment and 
f a c i l i t i e s  which a r e  used i n  b o t h  t h e  pr imary and secondary  
p h a s e s ,  Ei must b e  ap p o r t i o ned  t o  o i l  produced i n  bo th  phases .  
Thus t h e  energy requ i rement  f o r  primary p roduc t i on ,  e l ,  i n  GJ/ton,  
i s  g i v e n  by: 
Now l e t  
Es = a d d i t i o n a l  energy  inves tment  i n  secondary  p roduc t i on  
f a c i l i t i e s ,  i n  G J ;  
e = a d d i t i o n a l  ongoing energy f o r  secondary  p roduc t i on ,  
PS 
i n  GJ/ton; 
A = q u a n t i t y  o f  o i l  r ecovered  a f t e r  secondary  p roduc t i on  
s t a r t s ,  i n  t o n s .  
e can  v a r y  w i t h  t i m e ,  s o  w e  have e = e ( t ) .  
P s PS P s 
W e  need t o  d e f i n e  r t s  a s  t h e  f r a c t i o n  o f  A a t t r i b u t a b l e  t o  
w a t e r  i n j e c t i o n ,  t h a t  is:  
The f r a c t i o n  r t s  of  t h e  q u a n t i t y  A i s  e x t r a c t e d  a t  a n  energy 
c o s t  o f  
w h i l e  t h e  remaining f r a c t i o n ,  1  - r '  o f  A have an  energy  c o s t  s 
o f  e l .  
Thus t h e  energy  requ i rement  d u r i n g  secondary  r ecove ry ,  
e 2 ( t ) ,  i s  g i v e n  by: 
e 2 ( t )  = (1 - r t S )  el + r '  S + Es + e  (t)] , i n  GJ/ton,  ArsT PS 
which s i m p l i f i e s  t o :  
For a l l  t h e  f i e l d s  t h e  o p e r a t i n g  companies' e s t i m a t e  was 
t aken  f o r  t h e  r ecove rab le  r e s e r v e s ,  R. I n  some c a s e s  estimates 
w e r e  a l s o  a v a i l a b l e  f o r  T, t h e  t o t a l  o i l  i n  p lace .  Where t h i s  
was n o t  a v a i l a b l e  it was c a l c u l a t e d  from (1 )  us ing  e i t h e r  t h e  
quoted va lue  of rs o r  an assumed va lue  of r = 0.41 ( t h e  average S 
of  a l l  e s t i m a t e s  of  rs a v a i l a b l e ) .  I n  very few c a s e s  was t h e r e  
a f i g u r e  f o r  r and i n  g e n e r a l  an assumed va lue  of r = 0.2 w a s  P'  P  
used. 
For each f i e l d  a produc t ion  p r o f i l e  w a s  cons t ruc t ed  us ing  
t h e  o p e r a t o r s 1  e s t i m a t e  of  t h e  t ime of s t a r t  of product ion and 
t h e  t ime,  d u r a t i o n ,  and magnitude of peak product ion.  An expo- 
n e n t i a l  decay of 10 pe rcen t  p e r  annum was used f o r  t h e  d e c l i n i n g  
phase. 
The most important  c o n t r i b u t i o n  t o  t h e  a d d i t i o n a l  energy in -  
vestment i n  secondary produc t ion ,  Es,  i s  t h e  p rov i s ion  of e x t r a  
w e l l s  f o r  t h e  i n j e c t i o n  of water .  Using t h e  d a t a  c o l l e c t e d  i n  
J . K .  K l i t z l  IIASA s tudy  [4] an energy a n a l y s i s  f o r  a  t y p i c a l  
w e l l  (1 1 ,000 f t  dep th)  was made, and t h i s ' w a s  used i n  con- 
j unc t ion  wi th  a v a i l a b l e  d r i l l i n g  d a t a  t o  f i n d  Es f o r  each f i e l d .  
Accurate f i g u r e s  f o r  t h e  planned numbers of  p roduc t ion  and water  
i n j e c t i o n  w e l l s  were a v a i l a b l e  a s  w e l l  a s  d e t a i l s  of numbers of 
w e l l s  t o  be d r i l l e d  i n  a  given year .  
Fu r the r  assumptions had t o  be  made i n  o r d e r  t o  estimate 
e ( t ) .  For most f i e l d s  t h e r e  i s  some u n c e r t a i n t y  r ega rd ing  t h e  
P s 
t iming  of  t h e  onse t  of  water i n j e c t i o n ,  t h e  volume o f  water t o  
be  pumped, and t h e  pumping p re s su re .  These parameters  depend on 
c h a r a c t e r i s t i c s  of t h e  f i e l d  which can only be a s c e r t a i n e d  once 
produc t ion  i s  under way. For example, t h e  P ipe r  f i e l d  has  been 
found t o  have a s u b s t a n t i a l  n a t u r a l  a q u i f e r  and may n o t  now need 
a d d i t i o n a l  water  i n j e c t i o n ,  whi le  i n  t h e  F o r t i e s  f i e l d  water  
i n j e c t i o n  i s  a l r e a d y  under way. However it i s  p o s s i b l e  t o  make 
some g e n e r a l  d ed u c t i o n s  from t h e  i n fo rma t ion  a v a i l a b l e .  For 
example, i n  a l l  c a s e s  where wa te r  i n j e c t i o n  equipment is  i n -  
s t a l l e d  on a  p l a t f o r m  t h e  c a p a c i t y  o f  t h e  equipment,  i n  b a r r e l s  
o f  w a t e r  p e r  day,  is  e q u a l  t o  o r  s l i g h t l y  g r e a t e r  t h a n  t h e  
e s t i m a t e d  peak p r o d u c t i o n  o f  t h e  f i e l d ,  i n  b a r r e l s  o f  o i l  p e r  
day. I n  t h e  case of  t h e  Auk f i e l d  it i s  e s t i m a t e d  t h a t  wa te r  
i n j e c t i o n  o f  70,000 b/d may be  needed th roughout  t h e  l i f e  o f  t h e  
f i e l d ,  w h i l e  peak p r o d u c t i o n  i s  e s t i m a t e d  a t  50,000 b/d. From 
t h e s e  f a c t s  w e  conclude t h a t  it i s  r e a sonab l e  t o  assume t h a t  on 
a v e r a g e  t h e  r a t e  o f  w a t e r  i n j e c t i o n  c o n t i n u e s  a t  t h e  maximum 
r a t e  w h i l e  o i l  p r o d u c t i o n  d e c l i n e s  i n  t h e  l a t e r  s t a g e s .  I f  f low 
r a t e ,  p r e s s u r e ,  and pump e f f i c i e n c y  a r e  known t h e  energy  r e q u i r e -  
ment f o r  pumping can  be c a l c u l a t e d .  The m a n u f a c t u r e r ' s  quoted  
pump e f f i c i e n c i e s  range  from 28% t o  32%; a  f i g u r e  of  30% w a s  
used.  An i n j e c t i o n  p r e s s u r e  o f  1250 p . s . i .  a t  t h e  s u r f a c e  was 
used throughout .  S e n s i t i v i t y  c a l c u l a t i o n s  w e r e  made t o  f i n d  t h e  
e f f e c t s  on t h e  f i n a l  r e s u l t  o f  50% u n c e r t a i n t i e s  i n  e i t h e r  p r e s -  
s u r e  o r  f low r a t e .  
F o r  each  of  t h e  13 f i e l d s  a  p r o f i l e  f o r  t h e  energy r e q u i r e -  
ment was c o n s t r u c t e d  u s i n g  e q u a t i o n s  (2 )  and (3 )  f o r  t h e  pr imary 
and secondary  p r o d u c t i o n  phases .  The weighted average  energy 
r e q u i r e m en t  was t h e n  c a l c u l a t e d ,  and t h i s  i s  shown a s  a  f u n c t i o n  
o f  cumula t ive  p r o d u c t i o n  i n  F i g u r e  1. The v e r t i c a l  e r r o r  b a r s  
show t h e  r e s u l t s  o f  t h e  s e n s i t i v i t y  c a l c u l a t i o n s  d e s c r i b e d  above. 
U n c e r t a i n t i e s  i n  t h e  t i m i n g  o f  e v e n t s  a r e  e s t i m a t e d  t o  be 
f 1 y e a r  i n  t h e  e a r l y  s t a g e s ,  r i s i n g  t o  k 3 y e a r s  i n  t h e  l a te r  
s t a g e s ;  t h e s e  l e a d  t o  t h e  h o r i z o n t a l  e r r o r  b a r s  i n  F igu re  1. 
I t  i s  worth n o t i n g  h e r e  t h a t  by t a k i n g  an  average  o v e r  13 f i e l d s  
a t  l e a s t  some of  t h e  u n c e r t a i n t i e s  w i l l  c a n c e l  ou t .  
A s  a l r e a d y  s t a t e d  it i s  n o t  known whether  t e r t i a r y  pro-  
d u c t i o n  w i l l  b e  embarked upon i n  t h e  North Sea ,  o r  what t h e  re- 
s u l t s  would be. Consequently t h e  a n a l y s i s  f o r  t h i s  s t a g e  i s  





CUMULA'TIVE PRODUCTION, MTOE 
Figure I. Thd increasing energy requirement due to secondary 
production methods for 13 North Sea fields. 
programs in other parts of the world. Most information is 
available for fields in the USA where chemical injection is being 
used to follow secondary water injection. The different estim- 
mates given in the literature [7,81 for the possible increase in 
recovery factor due to tertiary methods range from 5% to 20%. 
For the present 13 fields under consideration these figures 
correspond to an extra production of 56 to 224 MTOE. 
The best available estimates for the requirements in chemi- 
cals per additional barrel of oil produced [ 9 1  are: 
10;: lb petroleum sulfonates; 
3 lb alcohols; 
+ 1 -  1/4 lb polymers. 
I n  energy terms these chemical inputs correspond to an 
extra 1.78 to 3.19 GJ per additional ton of oil produced. If we 
assume that the ongoing energy requirements for running the plat- 
form, pumping, etc., are the same as in the secondary phase then 
the above range of uncertainty in the energy requirement for 
chemicals is two orders of magnitude greater than other conceiv- 
able energy inputs, such as the transport of the chemicals by 
sea from the UK to the platform. 
The extremes of the possibilities of tertiary production 
are shown below: 
Min. Max. 
Extra Production (for 1 3  fields) : 56 : 224 MTOE 
Gross Energy Requirements: 2.43 3.84 GJ/ton 
CONCLUSIONS 
The increase in the average energy requirement due to second- 
ary production techniques has been calculated for 1 3  specified 
fields in the North Sea. The gross energy requirement increases 
from 0.497 to 0.651 GJ/ton, that is from 1.12 to 1.5 per cent of 
the calorific value of the crude oil produced. 
The possibilities of tertiary production have been calcul- 
ated based on data available for chemical injection programs in 
the US fields. The possible extra production from the 13 fields 
due to tertiary techniques is between 56 and 224 MTOE at an ener- 
gy requirement of between 2.43 and 3.84 GJ/ton. While we recog- 
nize that in practice it will be costs and not energy require- 
ments that determine whether tertiary methods are embarked upon, 
even the higher figure for the energy requirement represents less 
than 1 0  per cent of the calorific value of the crude produced, 
indicating that tertiary methods for increasing the productivity 
of North Sea fields are worthy of more detailed consideration. 
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